Background: Rhinoplasty maneuvers to lengthen the nose include placing an alloplastic implant, caudally rotating the lower lateral cartilage (LLC), and stretching the soft tissue skin envelope (STSE) downward. Tissue tension associated with these procedures can result in implant extrusion or tip retraction. Objectives: The authors performed rhinoplasty with implantation of porous polyethylene (Medpor). The Medpor device enabled transfer of tension from the LLC and STSE to the juncture of the septal cartilage and upper lateral cartilage (ULC), thereby stabilizing the nasal structures. Methods: Twenty-six patients who underwent rhinoplasty with nasal augmentation and lengthening were evaluated in a prospective study. Two pieces of Medpor were placed as a spreader graft, and a third piece was inserted as a columellar strut. The released LLC was rotated caudally, and the domal segments were wrapped over the caudally projected tip of the implant. Surgical outcomes were assessed with a patient satisfaction questionnaire and by photogrammetry. Results: Patients were monitored for an average of 9.6 months. The patients' mean nasolabial angle (NLA) was 106.2° ± 4.7° preoperatively and 94.3° ± 3.7° postoperatively (t < 0.0001). Most patients were fairly or completely satisfied with the operative outcome. One patient had impending implant extrusion and underwent explanation. Conclusions: Medpor material is easy to shape and is sufficiently strong to function as a spreader graft and withstand the tension associated with repositioning of the LLC and STSE.
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Treatment of a short nose is among the most challenging aspects of rhinoplasty. A short nose might be the result of a congenital malformation, infection, trauma, or previous surgery. 1 Among patients of East Asian descent, a short nose with an upwardly rotated tip is common and should not be regarded as a deformity. In these patients, the nasal framework is weak, and the septal cartilage does not extend to the nasal tip as it does in patients with naturally longer noses, such as Caucasians.
Rhinoplasty involving autologous tissue grafting has been found to yield better results than does nasal surgery with placement of exogenous materials. 2 However, in East Asian patients, septal cartilage usually is too weak and small to be applied as donor tissue in a new nasal framework with decreased tip rotation. Autologous costal cartilage is an abundant and structurally robust source of donor tissue, but grafting with costal cartilage is associated with donor-site morbidity, long operating times, and implant distortion over time. 3 Silicone implantation can be a simple and effective means of nasal augmentation in operations that do not involve placing tension on the nasal structures. However, lengthening procedures in rhinoplasty include caudal rotation of the lower lateral cartilage (LLC) and downward stretching of the soft-tissue skin envelope (STSE), 1 which create tension in the nasal tissues. Silicone is insufficient to withstand this force.
Porous high-density polyethylene (ie, Medpor; Stryker, Kalamazoo, MI) is an alloplastic material comprising continuous interconnected spaces that allow for ingrowth of host tissue and neovascularization into the implant. Medpor has been shown to have good biocompatibility and sufficient strength for nasal surgery. 4 Herein, we describe our results with rhinoplasty that entailed caudal rotation of the tip, nasal lengthening with Medpor, and dorsal augmentation with silicone in a single surgical session.
METHODS

Patients and Study Design
Twenty-six Asian women who underwent aesthetic rhinoplasty with nasal augmentation and lengthening from September 2011 to July 2015 were evaluated in a prospective study. Exclusion criteria were a history of systemic disease (eg, diabetes, immune deficiency, or rheumatologic diseases), hypersensitivity to Medpor, or previous injection of material for nasal augmentation. Also excluded were women who were pregnant or breastfeeding. For 24 patients, this was a primary lengthening rhinoplasty. The remaining 2 patients in this study received revisional lengthening rhinoplasty after undergoing the primary procedure elsewhere at least 12 months ago. The study was approved by the Ethical Research Committee of Shanghai Ninth People's Hospital (Shanghai Jiaotong University, School of Medicine, Shanghai, China). All the patients included in this study provided informed consent and the study adhered to the Declaration of Helsinki. 
Surgical Procedures
All operations were conducted in an outpatient setting. After delivery of local anesthesia with 2% lidocaine, a ladder-shaped incision was made across the columella. The STSE was separated from the underlying LLC, upper lateral cartilage (ULC), and nasal bone and was undermined extensively. The fibrous attachment between the LLC and ULC was released completely, and the LLC was pulled downward. Dissection proceeded between the medial crura of the LLC until the septal cartilage was exposed and isolated from the ULC on either side; this created space to accommodate the Medpor graft. A Medpor sheet (Surgical Implant 9536) was cut into 3 pieces (Figure 1) . Two of these pieces were manipulated to prepare the spreader graft, 5 with the caudal part of the nasal septum positioned between the 2 Medpor pieces. A horizontal mattress suture (5-0 nylon, Ethicon, Inc, NJ) was placed to tightly secure the bilateral ULC to the 2 Medpor sheets and the nasal septum.The third piece of Medpor was inserted between the medial crura of the LLC and served as a columellar strut. 6 This third piece was sutured between the caudal portions of the spreader graft such that the composite Medpor device had an L shape ( Figure 2 ). The Medpor pieces were adjusted in length and angle so that the tip of the L framework extended to the new pronasale position (Figure 3 ), and the nasolabial angle (NLA) was less than 95°. The released LLC and the dorsal STSE then were pulled downward to ensure that the dome of the LLC and the tip of the STSE reached the top of the Medpor framework.
Subperiosteal dissection of the nasal bone was performed to make space for the silicone implant. A boatshaped silicone graft then was prepared and sculpted to fit the patient's dorsal structures.
The released LLC was rotated caudally, and the domal segments were sutured at the midline such that the segments wrapped the caudally projected tip of the Medpor graft ( Figure 2 ). The dorsal STSE was pulled downward and was secured by an intradermal suture (5-0 nylon, Ethicon, Inc) at the supratip break. This anchored the supratip break to the tip of the implant, which was covered by the LLC (Figure 4 ).
The incision was closed, and oral cephalosporin was prescribed for 3 days postoperatively. All skin sutures were removed on the sixth postoperative day.
Outcome Assessments
Patients were photographed with a standard digital camera (ILCE-6000, Sony Co, Ltd, Tokyo, Japan) preoperatively (ie, baseline) and at the 5 to 16 month follow-up visits. The sellion, pronasale, and subnasale were marked on lateral-view photographs of the patient obtained preand postoperatively (Figure 3 ). In addition, the NLA was measured by means of photogrammetry. The NLA was calculated as the angle formed by the pronasale, subnasale, and upper lip anterior (ULA).
Each patient was asked to anonymously complete a questionnaire to indicate the level of satisfaction with the surgical result. The questionnaire was distributed at the 5 to 16 month follow-up appointment when the patients' digital photographs were taken and was scored on a 5-point scale (0, completely unsatisfied; 1, fairly unsatisfied; 2, neutral; 3, fairly satisfied; 4, completely satisfied). A blank copy of the questionnaire (Appendix A) is available as Supplementary Material located online at www.aestheticsurgeryjournal.com.
Statistical Analysis
SPSS software, version 19 (IBM Company, Armonk, NY), was utilized for statistical analysis. Normality of the data was assessed with the Kolmogorov-Smirnov test. Changes in the average NLA from baseline to the postoperative visit ranging from 5 to 16 months were ascertained with the paired t test. Statistical significance was defined as P < 0.05 (2-tailed).
RESULTS
The mean age of the patients was 29 years (range, 22-47 years), and mean follow up was 9.6 months (range, 5-16 months) ( Figure 5 ). The patients' mean NLA of 106.2° ± 4.7° preoperatively decreased significantly by approximately 12° to 94.3° ± 3.7° postoperatively (t < 0.0001). Hence, tip projection was rotated caudally, and the nose was lengthened. Our data and statistical analysis (Appendix B) are available as Supplementary Material located online at www.aestheticsurgeryjournal.com.
Most patients indicated that they were fairly or completely satisfied with the surgical result. On a 5-point scale from 0 to 4, the average score was 3.1 ( Figure 6 ). Two patients expressed dissatisfaction; each had previously undergone rhinoplasty at least once. One patient noted that the extent of nasal lengthening was insufficient. The other patient experienced severe complications, including incipient extrusion of the implant at the nasal tip. Three weeks postoperatively, the Medpor implant had an apparent tendency to penetrate the tip skin. Her implant was taken out and therefore this patient's NLA could not be measured from photogrammetry analysis. This patient who had severe complications had experienced two previous rhinoplasties elsewhere before this study.
DISCUSSION
East Asian and Caucasian noses have distinct anatomic features; as such, the objectives and techniques of rhinoplasty in East Asian and Caucasian patients are different. The Caucasian nasal tip usually orients caudally, and rhinoplasty maneuvers are aimed at rotating the tip upward. In contrast, the East Asian nasal tip generally orients cephalad, and surgical techniques are performed to rotate the tip caudally. For Caucasian patients, a primary goal of rhinoplasty is to modify the cartilaginous framework. 7 Typically, Caucasian nasal cartilage is structurally robust, and even subtle sculpting of the cartilage can yield distinct contour changes, owing to the thin STSE. In contrast, the septal cartilage of East Asian patients usually is weak, and the STSE is thick enough to conceal subtle contour changes in the nasal structures.
In Caucasians, decreasing tip rotation and lengthening the nose can be accomplished relatively easily because the septal cartilage provides a durable and abundant source of autologous tissue. A pair of cartilaginous spreader grafts placed caudally and secured to a columellar strut could achieve these purposes while maintaining tip stability. 8 However, in East Asian patients, the septal cartilage is weak and limited in amount. 9 Autologous spreader grafts and a columellar strut usually cannot be prepared with septal cartilage alone, and the patient's costal cartilage also is needed. Despite its structural integrity and abundance, costal cartilage has been advised against for rhinoplasty. Costal cartilage has a tendency to warp in an estimated 6% of cases 9 and involves a high rate of donor-site morbidities, including pneumothorax, pain, and scarring. 10, 11 In contrast to septal cartilage, harvest of costal cartilage requires general anesthesia, which entails longer operating and recovery times and greater expense.
On the basis of its superior biocompatibility, autologous tissue generally is regarded as preferable to alloplastic material for nasal augmentation. 2 Plastic surgeons who reside in the Western hemisphere are more likely to treat patients with adequate, structurally sound nasal cartilage. However, Eastern surgeons who routinely see Asian patients should consider alloplastic material as a suitable alternative.
Porous high-density polyethylene (Medpor) became available clinically in the 1980s and has been applied in a variety of craniofacial reconstructive procedures. Medpor is nonallergenic, nonantigenic, and easily malleable. 3 Nasal features in Asian patients include dense fibromuscular and fatty layers; hence, complications of alloplastic augmentation rhinoplasty are less frequent in these patients than in Caucasians. 12 Investigators have noted excellent long-term results of rhinoplasty with Medpor implantation. 13 Medpor comprises a continuous system of interconnected pores (diameter, 125 to 250 µm) that enable ingrowth of vascularized tissue for integration and stabilization of the implant. 3 After formation of the implant complex, these features are A B associated with decreased rates of infection. 3 Nevertheless, extreme caution must be exercised if Medpor is implanted in a case of revisional rhinoplasty in which the soft tissue is scarred, and the skin is thin and under tension. When treating a short nose deformity, the availability and quality of the STSE can be a limiting factor. If the nasal framework is weak and cannot withstand tension placed on the STSE during postoperative healing, the surgical outcomes may be unfavorable. The position of the LLC also is crucial. In nasal lengthening, the LLC is released from the ULC and surrounding soft tissues and is rotated caudally. Postsurgically, the LLC and STSE have a tendency to retract cephalad and disrupt the newly formed nasal framework. If retraction occurs, the patient may experience unsatisfactory tip rotation, abnormal radix augmentation, and distortion of the implant (Figures 7A-B) . To prevent cephalad retraction in the current study, we inserted 2 pieces of Medpor as a spreader graft, with the cephalic portion secured between the ULC and the septal cartilage fixed tightly at the junction of the septal cartilage and the ULC.
Alternatively, the alloplastic nasal framework may maintain a caudal position postoperatively, despite retraction of the STSE and LLC. In this case, extrusion of the implant would occur at the nasal tip (Figures 7C-D) . We performed several surgical steps to avoid implant extrusion: (1) After complete resection of the fibrous attachment between the ULC and LLC, the LLC was released and repositioned caudally with the domal segments pulled over the tip of the implant and sutured at the midline. (2) The STSE was extensively undermined and (3) was shifted caudally and secured with an intradermal suture at the supratip break. The supratip break then was anchored to the implant tip, which had been wrapped by the LLC. We found that these 3 maneuvers effectively transferred tension from the STSE and LLC, through the Medpor spreader grafter, to the juncture of the septal cartilage and ULC. Thus, the force of retraction was placed only on a highly stabilized structure near the nasal tip.
Our rhinoplasty technique did not include harvest of auricular cartilage. Conventionally, a piece of auricular cartilage is placed at the interface of the tissue and the prosthesis to reduce direct pressure on the tip skin. 14, 15 However, we released the LLC and rotated it caudally such that it completely covered the tip of the implant and protected the skin of the nasal tip from direct pressure.
One patient in this study was not satisfied with the extent of nasal lengthening. One other patient underwent removal of the Medpor implant 3 weeks postoperatively because it had begun to penetrate the tip skin. These 2 patients had undergone rhinoplasty once or twice previous to their inclusion in this study. Contracted scar tissue from a previous rhinoplasty can complicate full release of the STSE and LLC and potentially lead to poor surgical outcomes. In revisional rhinoplasty, autologous costal cartilage might be preferable to alloplastic material.
Our aim was to develop a rhinoplasty technique that was customized for Asian patients with a short nose and scant septal cartilage. We suggest that our procedure of alloplastic implantation offers an efficient, cost effective, and minimally invasive alternative that can be performed in a relatively short operating time. The current study was limited by a follow up of only 5 to 16 months (mean, 9.6 months). Additional studies in which patients are monitored for a longer duration are needed to validate the stability of the surgical result.
CONCLUSIONS
A short nose is a common concern of East Asian patients. Nasal augmentation and lengthening with autologous cartilage often is not an option, owing to a lack of durable septal cartilage. Grafting with costal cartilage is expensive and is associated with donor-site complications and distortion at the recipient site. Silicone cannot withstand the tension created in nasal lengthening procedures that involve caudal rotation of the LLC and STSE. Herein, we present a technique of rhinoplasty with alloplastic transplantation that can be performed under local anesthesia in an outpatient setting. We utilized porous polyethylene (Medpor), which is durable and easy to shape. Placement of a Medpor spreader graft stabilized the STSE and LLC in the new nasal framework. This method is faster and less invasive than conventional rhinoplasty under general anesthesia. Moreover, most patients in this study were fairly or completely satisfied postoperatively. Additional research is warranted to investigate the long-term stability of the aesthetic result. Figure 6 . Results of patient satisfaction questionnaire. Eight of the 26 patients (30.77%) expressed complete satisfaction with the surgical result ranging from 5 to 16 months postoperatively. Sixteen patients (61.54%) indicated a fair degree of satisfaction. Two patients (7.69%) expressed some dissatisfaction; for these patients, this rhinoplasty session was the second or third revisional nose surgery.
A B C D Figure 7 . These patients were not included in the current study but are depicted to illustrate unfavorable rhinoplasty outcomes that can occur when an imbalance exists between the newly formed nasal framework that extends caudally and the STSE-LLC system, which has a tendency to maintain its original cephalad position. (A, B) For this 37-year-old woman depicted two months after rhinoplasty, the new framework was insufficient to anchor the caudal position of the nose. Note the cephalad retraction of the STSE-LLC. The surgical result includes poor tip rotation, abnormal radix augmentation, and distortion of the implant. (C, D) For this 42-year-old man depicted one month after rhinoplasty, the implanted framework held its caudal position, but the STSE-LLC retracted. The results include extrusion of the framework from the skin of the nasal tip.
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